A handy and simple detection cell was constructed using a mixing joint for end-column electrochemical detection in capillary electrophoresis (CE). The cell allows for positioning of the working electrode at the end of the separation capillary without the aid of micropositioners. The design facilitates the exchange of electrodes and capillaries without the need to refabricate the entire capillary-electrode setup. The cell can be assembled in a short period of time. Alignment with the joint screw proved to be reproducible for working electrodes of copper and gold. The advantages of reduced time and low cost make the device very attractive for the routine analysis of electroactive species, such as carbohydrates and their derivatives, purine bases and nucleosides, amino acids, and catecholamines etc. by CE with electrochemical detection.
Introduction
Capillary electrophoresis (CE) is known to be a powerful method for liquid-phase separation owing to high separation efficiency, low sample consumption, and a relatively short analysis time. 1, 2 The concentration detection limits achieved with commonly used UV absorption detection in CE are often too high for typical demands of practical applications, because of a very short path length. Laser-induced fluorescense (LIF) and electrochemical detection offer a higher potential regarding the attainable detection limits.
However, the necessary equipment for LIF detection is rather complex and expensive compared with that for electrochemical detection. Electrochemical detection has proven to be very useful in monitoring extremely small volumes of analytes separated by CE. 3, 4 The selectivity and low detection limits of electrochemical detection are indeed desirable properties for routine analysis by CE.
Despite the high potential of electrochemical detection with CE, it is not employed for routine analysis. CE with electrochemical detection is mainly used in research laboratories. The two major difficulties with the implementation of CE with electrochemical detection are the crucial alignment between the separation capillary and the working electrode of the electrochemical setup, as well as the removal of any effects that may arise from interference of the high-voltage (HV) electric field with a detection circuit.
In most CE with an electrochemical detector (ECD) and an off-column detection mode, the decoupling of the ECD from CE systems is accomplished by creating a small opening, or fracture, in the capillary wall ca. 1 cm before the exist end. The decoupler can be constructed in various ways involving materials, such as porous glass, Nafion tubing, cellulose acetate, porous graphite, and palladium tubing. [5] [6] [7] [8] [9] [10] [11] However, the use of decouplers adds significantly to the complexity of setting up the CE-ECD instrument. The alternative, end-column detection mode, was first suggested by Huang and Ewing et al., who showed that a 10 µm carbon fiber electrode placed at the end of a 5 µm i.d. capillary provided sensitive detection of catechol compounds without any substantial noise from the CE high voltage. 12, 13 In recent years, several reports on decoupler-free CE-ECD systems based on the use of capillaries with 25, 50 or 75 µm i.d. have appeared. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The applications of these capillaries in the end-column CE-ECD mode are attractive because problems with clogging or bubble entrapment within the detection zone are minimized. However, in most cases, the working electrode still has to be positioned by means of micropositioners and with the aid of a microscope or simply by following a trial and error procedure. 13, 18, 26, 27 These approaches are time consuming and require skilled personnel to operate the system. Such conventional setups are useful for one event only. They do not provide any means for effective electrode and/or capillary exchange. If the electrode needs to be polished or replaced by another material, the entire system needs to be refabricated. In order to overcome the above-mentioned problems, Femier et al. have proposed a capillary-electrode holder which secures the separation capillary and the working electrode without the aid of either microscopes or micropositioners. 15 Tudos et al. described a detection cell consisting of a tee, where a carbon fiber bundle disk electrode was juxtaposed with the capillary using PEEK tubing and fittings. 28 The third arm of the tee was used for the reference electrode. Guo et al. positioned both the capillary and a disk electrode on a glass substrate, using epoxy to hold them in place. 29 Chen and Huang reported a modification of the original Tudos design, employing a relatively large Pt disk electrode (50 µm diameter) butted against the end of a 5 µm i.d. separation capillary. 30 Zhiming et al. proposed an electrochemical cell assembly with two screws to adjust the capillary-electrode alignment, and another two screws to the distance between capillary and working electrode. 31 Zhong and Lunte demonstrated the concept, the on-capillary electrode, by mounting a 25 µm Au wire across the outlet of a 50 µm i.d. separation capillary. 32 Voegel et al. reported a flexible scheme for the on-capillary electrode. In their approach, a thin conductive Au or Pt coating was developed on the exist end of the capillary with ordinary metal sputtering equipment. 33 However, the procedures of the on-column electrode construction seem to be complex. In this paper, we describe a handy and relatively simple detection cell for end-column electrochemical detection in CE in which the system setup procedure is simple and suitable for routine analysis.
Experimental

Reagents
Carbohydrates and their derivatives, amino acids, purine bases, nucleosides, and catecholamines were purchased from several Japanese chemical makers. They were used as received without further purification.
Stock solutions of these compounds were prepared using distilled water. Samples were made daily by diluting stock solutions with an appropriate amount of the migration medium. The medium used in these experiments consisted of 50 mmol dm -3 sodium hydroxide containing 1 mmol dm -3 cethyltrimethylammonium chloride (CTAC) for the separation of the above-mentioned samples, except for catecholamines and deoxyribonucleosides. The media used for catecholamines and deoxyribonucleosides were 0.1 mol dm -3 phosphate buffer (pH 5.0), and 20 mmol dm -3 borate buffer (pH 9.5) containing 80 mmol dm -3 sodiumdodecylsulfate (SDS), respectively. Grape juice and soft drink, purchased from a local grocery, were used for real sample analysis.
Apparatus
The CE-ECD system was constructed in-house and is similar to that described previously. (Tokyo, Japan).
Sample injection was performed by electromigration. Amperometric detection was performed using an end-column approach. 12 A three-electrode potensiostat (LC-4CE type) from Bioanalytical Systems Co. (IN, U.S.A.) and a recorder (C-R6A type) from Shimadzu Co. (Kyoto, Japan) were used to provide a constant potential to the working electrode and to record the corresponding current, respectively.
Disk-shaped copper and gold working electrodes were constructed by threading 200 µm diameter wires from Nilaco Co. (Tokyo, Japan) into a glass tube (0.5 mm i.d. × 1 mm o.d. × 4 cm length). With the wire protruding from both ends of the glass tube, epoxy resin was applied to seal and secure the wire at both ends. Once the epoxy was dried, the wire protruding from one end of the glass tube was cut off with a stainless-steel blade. This left a shiny disk surface with a diameter of 200 µm. The piece of wire at the other end of glass tube was used for electrical contact. When required, the disk electrode was polished using a Bioanalytical Systems polishing kit. Ag/AgCl and platinum wires were used for the reference and counter electrode, respectively.
Detection cell
We define the following words in order to distinguish the voltage, current, and electrode for separation from those for detection.
The words "electrophoresis voltage", "electrophoresis current", and "electrophoresis electrode" mean the applied voltage, the resulting current, and the electrode used, respectively, for electrophoresis separation. End-column amperometric detector was conducted using the configuration shown in Fig. 1 . The detection cell body (G) was constructed by removing the upper joint from a three-way mixing joint made of Daifuron from Kyowa Seimitsu Co. (Osaka, Japan) and enlarging the hole. Two platinum wires (E and F) of 0.5 mm diameter were inserted into the hole through the wall of the detection cell body, and served as the counter electrode and the electrophoresis grounded electrode, respectively. During operation, Ag/AgCl electrode (C) as the reference electrode was inserted into a hole from upper side of detection cell body. The end of the separation capillary (A) was inserted into a glass tube (0.5 mm i.d. × 1 mm o.d. × 4 cm length, B) and fixed to each other with epoxy resin at the other side. Glass tubes containing the separation capillary and the working electrode were inserted into the left-and right-hand side joints (H and I) and fixed by using a nut (J) with a rubber ferrule (K), respectively. The capillary-electrode distance was adjusted by other screws (L) of the both joints.
Procedures
Prior to use, the migration media and sample solutions were passed through a 0.50 µm syringe filter to prevent any clogging of the separation capillary. A new capillary was prerinsed with a 50 mmol dm -3 sodium hydroxide solution for about half an hour using a rinse kit from GL Science Co. with a helium gas pressure of about 3 atm. Before each run, the capillary was rinsed with the migration medium for 10 min for conditioning. Separation was mainly performed using a voltage of -8 kV, sample injection was carried out at -8 kV for 3 s, and detection was done at +0.60 V vs. Ag/AgCl.
In the case of catecholamines and deoxyribonucleosides, separation was done using a voltage of +8 kV, sample injection was done at +8 kV for 3 s, and detection was done at +1.0 V vs. Ag/AgCl.
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Results and Discussion
Effect of the capillary-electrode distance and electrophoresis voltage on the electropherogram
The use of a disk-shaped electrode having diameters as large as 10-times the inner diameter of the separation capillary in the wall-jet configuration does not have a major effect on the separation efficiency. 34 Therefore, electrodes with large diameters can be utilized without compromising the separation performance, instead of small wires and fibers.
We incorporated this configuration with the end-column approach in our design. The alignment is simply achieved according to the following. A separation capillary and a working electrode were fixed into each joint, which has screws, and the distance between capillary and electrode is adjusted by screwing the joints into the detection cell body. The capillary-electrode distance is checked using either a magnifier or a microscope. The effect of the capillary-electrode distance on the electropherogram was investigated over the range 25 -150 µm. The noise level of the base line became larger when the distance was shorter. On the other hand, the peak resolution became worse, when the distance was longer. As a compromise, a distance of 100 µm was chosen for the capillary-electrode distance in our experiment.
The effect of the electrophoresis voltage on the electropherogram was investigated using a six-sugar mixture containing ethanol as the maker of electroosmotic flow. As shown in Fig. 2 , the noise level of the base line became smaller and the resolution in the separation became better when the electrophoresis voltage became smaller. This fact reflects that the electrophoresis currents at voltages of -8 and -4 kV were about 13 and 6 µA, respectively. Thus, the lack of stability of the baseline at a higher electrophoresis voltage is due to the larger potential gradient around the working electrode.
Analytical application to carbohydrates and their delivatives
The separation of carbohydrates and their derivatives in strong alkaline solutions requires relatively long time, because the absolute values of the electrophoretic mobilities of sugars, sugar alcohols, and sugar acids et al. are smaller than those of electroosmotic mobilities, and the directions of both mobilities are opposite to each other. 35 In this study, we tried to change the direction of electroosmotic flow by the addition of CTAC (electroosmotic flow modifier) to the migration medium for fast separation. As shown in Fig. 3 , fructose and glucuronic acid were detected at about 5 min and 4 min, respectively, with the addition of CTAC, compared with about 40 min and 13 min, 35, 36 respectively, without the addition of CTAC.
Under the optimized conditions, the proposed CE-ECD system was evaluated for linearity and reproducibility for typical sugars. As shown in Table 1 , good linear relationships between the peak heights and the concentrations of the analytes were observed in the concentration range 0.02 -0.60 mmol dm -3 for the sugars studied, the correlation coefficients being larger than 0.994. At a concentration level of about 1 × 10 -4 mol dm -3 , the relative standard deviations (n = 6) of fructose, glucose, and sucrose were 1.20, 1.22, and 1.26% in migration time and 1.08, 1.70, and 1.50% in peak height, respectively. Based on a threetimes ratio of the signal to noise, the detection limits of fructose, glucose, and sucrose were 4.1, 4.2, and 2.9 µmol dm -3 (6.6, 6.7, and 4.6 fmol), respectively. The injection volume was estimated to be 1.6 nL in this alkaline medium when the sample assumed to be injected with only electroosmotic flow. These values of the detection limits were lower compared with those reported previously as the result of the enhanced effect of CTAC on the electrode response. 35 This is due to the fact CTAC absorbs onto the electrode surface by a hydrophobic attraction to form a positively charged layer, which facilitates the oxidation of negatively charged sugars under alkaline conditions.
The proposed CE-ECD system was used for qualitative analyses of sugars in a soft drink and grape juice. Figures 4(A) and (B) show typical electropherograms for a soft drink sample generated after 100-fold dilution and a grape juice sample generated after 1000-fold dilution, respectively. It was found that the former contained fructose and glucose, and that the latter contained fructose, glucose, and sucrose, respectively, by the standard addition.
Application to detection for other analytes
The electrooxidation of purine compounds with a carbon electrode requires a relatively high oxidation potential (+1.1 V vs. Ag/AgCl), which limits the sensitivity. 37, 38 However, a 1385 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 copper electrode, in combination with a strongly alkaline condition, could offer a promising way to minimize any overpotential effects, because the detection is based on a electrocatalytic oxidation mechanism. [39] [40] [41] Studies that compare the copper electrode performance under both the complexation and electrocatalysis mechanisms suggest that the latter should provide a more sensitive and widely applicable approach. 42, 43 The proposed CE-ECD system was successfully utilized for the detection for purine bases, nucleosides and amino acids using a copper micro-disk working electrode in the same migration medium as that used in the case of sugars and sugar derivatives, as shown in Figs. 5(A) and (B), respectively. The detection limits (S/N = 3) were 13 -38 µmol dm -3 (21 -61 fmol) for the purine bases and nucleosides studied; they were 11 -60 µmol dm -3 (18 -96 fmol) for the amino acids studied.
An attempt was made to utilize the proposed CE-ECD system for the detection for catecholamines and deoxyribonucleosides using a gold micro-disk working electrode in migration media of 0.1 mol dm -3 phosphate buffer (pH 5.0) and 20 mmol dm -3 borate buffer (pH 9.5) containing 80 mmol dm -3 SDS, respectively. As shown in Fig. 6(A) , three catecholamines were successfully detected using the proposed system. Based on the three-times ratio of the signal to noise, the detection limits for catecholamines were 23 -44 nmol dm -3 (11 -21 amol) . The injection volume of the sample was estimated to be 0.47 nL in the phosphate buffer (pH 5) using pyrocatechol as a marker of electroosmotic flow.
Reactive oxygen species cause oxidative damage to DNA, which may contribute to degenerative diseases, such as cancer, heart diseases, and other age-related diseases. 44 One pathway of oxidative damage is through a hydroxyl radical attack on the guanine residues of DNA. 45, 46 We investigated the separation of damaged deoxyguanosine residue from four native deoxyribonucleosides by CE. 47 As shown in Fig. 6(B) , it was found that only 2′-deoxyguanosine was selectively detected among other deoxyribonucleosides (2′-deoxyadenosine, 2′-deoxycytosine, 2′-deoxytymidine) by using the proposed CE-ECD system. A study on the electrochemical detection of damaged deoxyguanosines, such as 8-hydroxydeoxyguanosine and N 2 -ethyl-2′-deoxyguanosine, is now being conducted in our laboratory. 48 
Conclusion
In summary, we have presented a handy and convenient detection cell to perform electrochemical detection in CE. It can also be used in other liquid separation techniques using capillary tubes. The mixing joint detection cell has significant practical benefits over other conventional procedure, including the elimination of complicated arrangements using micropositioners, ease of capillary-electrode alignment, exchange of the electrode or capillary, and reproducibility from one cell setup to another. Thus, once one electrode has been fabricated, it can be used many times, since the configuration allows for easy removal and polishing of the microelectrode to expose a new surface. All of these make the present setup very advantageous for use in routine analyses.
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